Objective-To compare the circadian rhythm of myocardial ischaemia in patients with stable angina with that in patients in the early postinfarction period with particular emphasis on the role of the autonomic nervous system.
patients in group B. 34%/o of patients in group A had only silent episodes of ischaemia compared with 97°in group B (p < 0.0001). In group A ischaemic episodes showed a circadian rhythm that peaked during the daytime hours (p < 0.0001), but this was not seen in group B.
Both the high (0-15-0-40 Hz) and low (0.04-0.15 Hz) frequency spectral components of heart rate variability showed a clear circadian rhythm (p < 0.0001); peak values occurred during the sleeping hours, although this pattern was less pronounced in group B. The ratio of low to high frequency variability (a measure of sympathovagal balance) showed a peak in daytime hours in group A (p < 0.002), but this was not seen in group B. Conclusion-In stable angina, myocardial ischaemia peaks during the day and is associated with a similar circadian rhythm of sympathovagal balance. In the early postinfarction period both the ischaemic and sympathovagal rhythms are severely diminished or lost altogether. Circadian changes in sympathovagal tone may explain, at least in part, the circadian rhythm of ambulatory myocardial ischaemia in patients with stable angina.
(Br HeartJ' 1994; 71:329-333) Circadian rhythms are now established in ischaemic heart disease,1-3 and examining such patterns may help to understand the underlying pathophysiology. For example, myocardial infarction is more common in the second quarter of the day,4 I and this may, in part, be due to diurnal fluctuations in platelet6 and fibrinolytic factors.78 Also, an increase in sympathetic activity is likely to contribute to the increased incidence of acute myocardial infarction in the immediate hours after waking.9 10 Circadian rhythms in patients with stable angina have been extensively studied." Ischaemia seems to be greatest in the second quarter of the day, with a secondary peak in the late afternoon.' There are, however, few data on such rhythms in the postinfarction period,'2 when myocardial ischaemia is common and usually silent.'2-'4 Such ischaemia may indicate a poor prognosis'3 and the mechanism causing it is therefore of interest. Autonomic function is deranged in the postinfarction period," and may play a part in the pathophysiology of ischaemia in these patients.
This study has therefore been designed to compared the circadian rhythms of myocardial ischaemia in patients with stable angina with patients in the postinfarction period, putting particular emphasis on the role of the autonomic nervous system.
Methods

PATIENTS WITH STABLE ANGINA (GROUP A)
Consecutive patients were recruited from those undergoing exercise treadmill tests for the assessment of angina. All Time of day Figure 3 Circadian variation in ratio of low to high frequency spectral measures of heart rate variability as a marker of sympathovagal balance over 24 one hour periods in patients with stable angina (group A) and after myocardial infarction (group B).
trough of 6-6 ms. A similar circadian variation was seen in the low frequency range (p = 0-0001), which, although it seemed less pronounced in group B, was not significantly different between the groups (p = 0-72). Group A had a daytime peak of 22-7 ms and a nighttime trough of 21-4 ms; in group B the amplitudes were 13-5 and 12-6 ms (fig 2) .
SYMPATHOVAGAL BALANCE
When the ratio of low to high frequency variability was analysed to provide a measure of sympathovagal balance, the circadian rhythm changed. In the patients as a whole, there was a significant circadian variation (p < 0-002) that differed between the groups (p = 0-06). Figure 3 shows that in group A, peak values occurred during the day with a trough at night (2-39 v 2-18), but this was clearly abolished in group B (1-98 v 1-95). 6 8 10 12 14 16 18 20 22 Time of day Discussion Mechanisms of ambulatory myocardial ischaemia remain uncertain. Ischaemia seems to represent a complex imbalance of oxygen supply and demand provoked partly by increases in heart rate'6 and blood pressure,7 18 and partly by increases in coronary vascular tone.'8 Any mechanistic theory of ambulatory ischaemia must be able to account for its circadian rhythm, which has been shown in previous studies of patients with stable anginal and confirmed in our present study. Deedwania and Nelson showed that the peak of ischaemic episodes in the second quarter of the day was associated with a simultaneous peak of heart rate and blood pressure and as the minute by minute control of these haemodynamic variables is predominantly a function of the autonomic nervous system, they suggested that surges in sympathetic activity at this time of day might be responsible for their findings. '9 Our present study, in which Holter monitoring permitted simultaneous analysis of ST segment changes and heart rate variability, provides further evidence implicating the autonomic nervous system as an important determinant of the circadian rhythm of
interaction between sympathetic and parasympathetic regulatory activities, with the low frequency component reflecting the level of sympathetic drive to the heart and the high frequency component (which disappears after a dose of of atropine) reflecting vagal activity.20 Thus the low to high frequency ratio provides a convenient index of sympathovagal balance.2' We have applied spectral analysis of heart rate variability to the patients in this study and have shown that in stable angina, a circadian rhythm of sympathovagal balance exists, peaking during the day at the time when ambulatory myocardial ischaemia is also at its peak. Early after myocardial infarction, on the other hand, when autonomic function is known to be deranged, the circadian rhythm of sympathovagal balance was severely lessened due largely to loss of the morning sympathetic surge. Perhaps because of this, the morning peak of ambulatory ischaemia was also lost. Of course, early after a myocardial infarction treated by thrombolysis, plaque instability and intracoronary thrombotic debris can cause ongoing ischaemia,22 independently of autonomic influences, and this might obscure any relation that exists. Nevertheless, the data provide circumstantial evidence supporting the hypothesis of Deedwania and Nelson that in patients with stable angina the circadian rhythms of ambulatory ischaemia and sympathovagal activity may be causally inter-related. '9 The hypothesis that the circadian rhythm of ambulatory ischaemia in patients with stable angina is caused by fluctuations in sympathetic activity is attractive for three reasons. It is consistent with the known circadian rhythms of blood catecholamine23 and cortiso124 concentrations that also peak in the second quarter of the day. It is also consistent with reports that,B blockers are effective in reducing the frequency and the circadian variation of ambulatory ischaemia.25 Finally, it is consistent with current concepts of the pathophysiology of ambulatory myocardial ischaemia, which view it as the combined response to increases in oxygen demand and reductions in oxygen supply, in a variable ratio.26 Thus sympathetically driven increments in heart rate and blood pressure would be expected to provoke ischaemia through parallel increases in myocardial oxygen demand. Patients with stable angina, however, are often predisposed to exaggerated vasoconstriction due to the development of endothelial dysfunction in relation to atherosclerotic plaques,27 and when this is the predominant response to a sympathetic stimulus, it can lead to supply driven ischaemia without a large increase in myocardial oxygen demand. This is regarded 'as the most likely mechanism for those episodes of ambulatory ischaemia that occur without a preceding increase in heart rate or blood pressure. 26 The circadian rhythm of sympathovagal activity in patients with stable coronary artery disease may also account for previously described circadian rhythms of out of hospital sudden cardiac deaths2 and onset of acute myocardial infarction,5 both of which peak in the second quarter of the day. Thus it is possible to speculate that the same sympathetic drive that provokes the morning peak in myocardial ischaemic episodes might also provoke cardiac arrhythmias or plaque events, either by direct effects on the myocardium or indirectly through provocation of ischaemia and surges in blood pressure. This may have important implications for prophylactic treatment if effective suppression of the morning peak in sympathetic drive could be achieved by giving /3 blockers.
In conclusion, this study has shown that in stable angina the circadian rhythm of myocardial ischaemia, peaking during the day time hours and dipping at night, is associated with a similar circadian rhythm of sympathovagal balance. In the early postinfarction period, both the ischaemic and sympathovagal rhythms are severely diminished or lost altogether. Although causality cannot be proved, the data suggest that circadian changes in sympathovagal tone may explain, at least in part, the circadian rhythm of ambulatory myocardial ischaemia in patients with stable angina.
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